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TWO BOHM-VITENSE GAPS IN THE MAIN SEQUENCE OF THE HYADES 
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ABSTRACT 

Hipparcos proper motions and trigonometric parallaxes allow the derivation of secular parallaxes which 
fix the distances to individual stars in the Hyades cluster to an accuracy of ~2 percent. The resulting 
color-absolute magnitude diagram for 92 high-fidelity single members of the cluster displays a very narrow 
main sequence, with two turn-offs and associated gaps. These occur at the locations where the onset 
of surface convection affects the B — V colors, as predicted by Bohm-Vitense thirty years ago. The 
new distances provide stringent constraints on the transformations of colors and absolute magnitudes to 
effective temperatures and luminosities, and on models of stellar interiors. 

Subject headings: astrometry - stars: distances - stars: fundamental parameters - stars: 

Hertzsprung-Russell diagram - open clusters and associations: individual: Hyades 



1. INTRODUCTION 

The Hyades open cluster is one of the key calibrators 
of the absolute magnitude-spectral type relation and the 
mass-luminosity relation. The small distance to the clus- 
ter (^45 pc) has a number of advantages for studies of 
its Hertzsprung-Russell diagram: (i) the foreground inter- 
stellar reddening and extinction is negligible (E(B — V) = 
0.003 ± 0.002 mag (e.g., Taylor 1980)), (ii) the large 
proper motion (/i ~ 111 mas yr" 1 ) and peculiar space 
motion (~35 km s _1 ) facilitate proper motion- and ra- 
dial velocity-based membership determinations, and (iii) 
the stellar content can be probed to low masses rela- 
tively easily. Among the ^400 known members are white 
dwarfs, red giants, mid-A stars in the turn-off region, and 
main-sequence stars down to at least ~0.10 M M dwarfs 
(Bryja, Humphreys & Jones 1994). At the same time, 
the proximity of the Hyades complicates astrophysical in- 
terpretation: the tidal radius of ~10 pc corresponds to a 
significant depth along the line of sight. As a result, the 
precise definition and location of the main sequence and 
turn-off region in the Hcrtzsprung Russell diagram, and 
the accuracy of the determination of, e.g., the helium con- 
tent and age of the cluster, have always been limited by 
the measurement error of the distances to individual stars. 
Even Hipparcos parallax uncertainties translate into abso- 
lute magnitude errors of >0.10 mag at the mean distance 
of the cluster, whereas U-band photometric errors only 
account for <0.01 mag uncertainty for most members. 

It was realized long ago (e.g., Boss 1908) that the small 
internal velocity dispersion of the Hyades makes it pos- 
sible to improve the trigonometric parallaxes of individ- 
ual member stars by kinematic modelling of their proper 
motions. Various recent studies derived such secular par- 
allaxes for Hyades members from Hipparcos astrometry 
(Perryman et al. 1998; de Bruijne 1999; Dravins, Linde- 
gren & Madsen 1999; Narayanan & Gould 1999), but none 
investigated the resulting Hertzsprung-Russell diagram in 
any detail. Yet, as the relative proper motion accuracy 
is effectively three times larger than the relative trigono- 



metric parallax accuracy, the secular parallaxes arc three 
times more precise than the trigonometric parallaxes, and 
provide a unique opportunity to obtain a well-defined and 
absolutely calibrated Hertzsprung-Russell diagram for an 
open cluster. For this reason we have redetermined the 
secular parallaxes for the Hyades, using the comprehen- 
sive procedure described by de Bruijne (1999) (cf., e.g., 
Lindegren, Madsen & Dravins 2000). We describe the full 
derivation of the secular parallaxes elsewhere (de Bruijne, 
Hoogerwerf & de Zeeuw 2000, BHZ). This includes a new 
analysis of the space motion and internal velocity disper- 
sion of the Hyades, a validation of the secular parallaxes, 
with a detailed investigation of the effect of velocity struc- 
ture in the cluster and of the presence of small- angular- 
scale correlations in the Hipparcos data, and an extensive 
analysis of the construction of the physical Hcrtzsprung 
Russell diagram (log Toff, log L) . In the course of this work, 
we constructed a color-absolute magnitude diagram for a 
sample of high-fidelity single members of the Hyades, and 
discovered that the improved accuracy reveals two turn- 
offs and associated gaps in the main sequence at the loca- 
tions predicted by Bohm-Vitense, in the seventies. These 
are the topic of this Letter. 

2. THE (B - V, My) DIAGRAM 

The Hipparcos Catalog (ESA 1997) contains about 200 
members of the Hyades brighter than V ~ 12.4 (Perry- 
man et al. 1998; BHZ). We selected a high-fidelity sub- 
set of single members, defined as follows. We removed 
suspect kinematic members and stars which have known 
spectral peculiarities and hence deviant positions in the 
color-magnitude diagram. We excluded the stars beyond 
40 pc from the cluster center (for which membership is 
not particularly certain) and all (possible) close double 
and multiple systems (98 spectroscopic binaries, Hippar- 
cos DMSA-'GO VXS' stars, and stars with suspect secu- 
lar parallaxes). We also rejected 11 stars which are vari- 
able (Hipparcos field H52 is one of 'DMPRU') or have 
large photometric errors (ctb-v > 0.05 mag), as well as 
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Fig. 1. — Color-absolute magnitude diagram for 92 high-fidelity members of the Hyades cluster. This sample excludes all members beyond 
40 pc from the cluster center, double and multiple stars, and stars with suspect secular parallaxes (see BHZ for details). The absolute 
magnitudes were computed using the observed V-band magnitudes and secular parallaxes derived by de Bruijne et al. (2000). The B — V 
colors were taken from the Hipparcos Catalog. The arrows indicate the two Bohm— Vitense turn-offs and associated gaps, which are most 
likely caused by sudden changes in the properties of convective atmospheres. The gaps between B — V = 0.15 and 0.20, between B — V = 0.30 
and 0.35, and the gap around B — V = 0.95 mag are caused by the suppression of double, multiple, and peculiar stars from our sample (cf. 
figure 21 in Pcrryman et al. (1998); see §2); the region between B — V = 0.30 and B — V = 0.35 mag, e.g., is occupied by Am-type stars, 
which have a high incidence of duplicity (e.g., Jaschek & Jaschck 1987). 



the suspect stars HIP 20901, 21670, and 20614 (sec BHZ 
for further details). 

The final sample contains 90 single members which fol- 
low the main sequence from B — V ~ 1.43 mag (late- 
K/early-M dwarfs; M > 0.5 M Q ) to B - V ~ 0.10 mag 
(A7IV stars; M ~ 2.4 M Q ), except for e and 7 Tau, which 
are evolved red giants. We added the two components of 
the 'resolved spectroscopic binary' 8 2 Tau as single stars. 
These are located in the turn-off region of the cluster, and 



bring the total number of objects to 92. We took the ac- 
curate values for B — V and V listed in the Hipparcos 
Catalog, and used the secular parallaxes to compute My- 
Figure 1 shows the resulting color versus secular 
parallax-based absolute magnitude diagram for these 92 
stars (cf. Madsen 1999). It shows the giant clump, the 
turn-off region, and a well-defined and very narrow main 
sequence. The latter contains a few conspicuous but ar- 
tificial gaps, e.g., around B — V = 0.95 and between 
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Fig. 2. — Schematic color-absolute magnitude diagram of an open cluster with a Bohm-Vitense gap. Stars left of the dashed vertical line, 
at B — V ~ 0.3 mag, have radiative envelopes. Surface convection sets in at the line, and all stars to the right of it have convective envelopes. 
While the onset of convection does not alter luminosity or effective temperature, it causes redder colours because of lower temperatures in 
deeper layers (see §3). The resulting color-absolute magnitude diagram therefore shows a turn-off and gap. 



B — V = 0.30 and B — V = 0.35 mag, caused by the 
suppression of (double and multiple) stars from our sam- 
ple (cf. figure 21 of Perryman et al. 1998). The small gap 
between B — V = 0.75 and 0.80 mag is also present in the 
original sample (see figure 21 of Perryman et al. 1998) and 
is therefore probably real (cf. figure 2 of Mermilliod 1981). 
Somewhat further to the blue, there are two turn-offs and 
associated gaps, near B — V ~ 0.38 and ~0.48 mag. These 
features are not clearly discernible in the lower-quality 
trigonometric parallax-based version of the same diagram 
(figure 21 of Perryman et al. 1998). Although their reality 
in the 'cleaned' secular parallax colour-magnitude diagram 
is hard to establish beyond all doubt, the simultaneous 
existence of both a turn-off and an associated gap at a 
location which coincides with predictions made by stellar 
structure models (see §3) strongly argues in favour of them 
being real (cf. Kjeldsen & Frandsen 1991, and references 
therein). 

3. BOHM-VITENSE GAPS 

Bohm-Vitense (1970, 1981, 1982) realized that convec- 
tive atmospheres have relatively low temperatures in the 
deeper layers which contribute to the surface flux in the 
spectral regions of the U and B filters (Nelson 1980). As 
a result, convective atmospheres appear to be cooler, and 
therefore have B — V colors that are reddened by amounts 
of ^0.07-0.12 mag when compared to radiative atmo- 
spheres of the same T c g- As the reddening of the atmo- 
sphere is not accompanied by a significant change in lumi- 
nosity, the onset of surface convection can therefore cause 
a turn-off and associated gap in the color-absolute mag- 
nitude diagram, starting around B — V = 0.25-0.35 mag 
(Figure 2). The precise location of this Bohm-Vitense gap 
depends on details of the stellar structure, including metal- 
licity. We identify the turn-off and gap at B — V ~ 0.38 in 
Figure 1 as the Bohm-Vitense gap in the main sequence 
of the Hyades. 



Observational evidence for a Bohm-Vitense gap in the 
main sequence is sparse (e.g., Bohm-Vitense & Canterna 
1974; Jasniewicz 1984; Rachford & Canterna 2000), and 
its reality has been disputed (e.g., Mazzei & Pigatto 1988; 
Simon & Landsman 1997; Newberg & Yanny 1998). Pre- 
vious claims for its existence were based on the presence 
of gaps in either color-color diagrams or in the cumulative 
distribution of cluster members in some photometric index 
(e.g., Aizenman, Demarque & Miller 1969), instead of on 
the presence of 'gaps' or 'turn-offs' in color-absolute mag- 
nitude diagrams. The high-accuracy color-absolute magni- 
tude diagram presented in Figure 1 provides the first direct 
evidence for the existence of the Bohm-Vitense turn-off 
and gap. 

The presence of a gap near B — V ~ 0.48 mag (T c ff ~ 
6400 K) in the main sequence of the Hyades was already 
noted by Bohm-Vitense (1995a,b), who attributed it to 
'a sudden increase in convection zone depths'. Figure 1 
reveals the associated turn-off. The position of this sec- 
ond Bohm-Vitense gap coincides with both the so-called 
Lithium gap, which is generally thought to be related to 
the rapid growth of the depth of the surface convection 
zone with effective temperature decreasing from ^7000 K 
to ~6400 K (e.g., Boesgaard & Tripicco 1986; Michaud 
1986; Swenson et al. 1994; Balachandran 1995), and with 
the onset of dynamo-induced magnetic chromospheric ac- 
tivity (e.g., Wolff, Boesgaard & Simon 1986; Garcia Lopez 
et al. 1993). 

4. CONCLUSIONS AND PROSPECTS 

Narrow main sequences in color-magnitude diagrams are 
readily observable for distant clusters, but the absolute 
calibration of the Hertzsprung Russell diagram of such 
groups is often uncertain due to their poorly determined 
distances and the effects of interstellar reddening and ex- 
tinction. The latter problems are alleviated significantly 
for nearby clusters, but at the price of introducing a con- 
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siderable spread in the location of individual members in 
the Hcrtzsprung-Russell diagram as a result of their re- 
solved intrinsic depths, and relatively poorly determined 
individual distances. We have shown here that the Hyades 
are unique in that the secular parallaxes derived from the 
Hipparcos astrometry for the members are sufficiently ac- 
curate to calibrate the main sequence of this nearest open 
cluster in absolute terms. 

The color-absolute magnitude diagram for the Hyades 
shown in Figure 1 reveals two turn-offs and associated 
gaps in the main sequence. We identify these with the so- 
called Bohm-Vitense gaps, which are most likely related 
to sudden changes in the properties of surface convection 
zones in the atmospheres of stars with B — V ~ 0.30 and 
~0.45 mag, which significantly affect the emergent UV and 
blue-optical fluxes, and thus the B — V color. We show in 



BHZ that this substructure in the (B — V,My) diagram 
provides a strong constraint on stellar models, requiring 
an improvement in the available transformations from col- 
ors and absolute magnitudes to effective temperatures and 
luminosities. 

The future astrometric satellites FAME and GAIA will 
improve the accuracy of stellar astrometry into the micro- 
arcsecond regime. They will make it possible to pro- 
vide accurate membership and high-precision absolutely- 
calibrated main sequences for all star clusters and associ- 
ations to distances of at least 2 kpc. This will provide the 
ability to test stellar models over a range of metallicities 
and ages, and may well reveal further substructure. 

It is a pleasure to thank Adriaan Blaauw, Jan Lub, and 
Michael Perryman for helpful comments and suggestions. 
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